Many studies investigated genital tract disorders in rabbits. However, most investigations focus on uterine disorders because they are one of the most common findings in intact female rabbits \[[@r8], [@r18], [@r19], [@r24], [@r27], [@r28]\]. In contrast, only a few ovarian disorders are scientifically described in rabbits, including ovarian cysts \[[@r6]\], ovarian neoplasia \[[@r28]\], and ovarian abscesses \[[@r12]\].

Intraovarian cysts can be found in many species including dogs \[[@r1], [@r2]\], cats \[[@r9]\], mice \[[@r17], [@r20]\], and particularly in guinea pigs \[[@r13], [@r21]\]. Those cysts can derive from different structures within the ovary and the origin can only be determined by histology or by immunohistochemistry \[[@r7]\]. Recently, cystic rete ovarii have been scientifically described for the first time in rabbits \[[@r6], [@r7]\]. These cysts arised from the intraovarian rete ovarii, which is a tubular structure that extends from the ovarian hilus into the medulla. In contrary to cystic rete ovarii, follicular cysts are often considered to be hormonally active in different species including cattle \[[@r22]\], dogs \[[@r16]\] and guinea pigs \[[@r3]\]. Single or multiple follicular cysts develop from unovulated and dilated Graafian follicles. Lode *et al.* described one follicular cyst in one of 8 rabbits \[[@r19]\]. In contrast to intraovarian cysts, parovarian cysts (also paraovarian or periovarian cysts) are located in the mesosalpinx or mesovarium and arise from the remnants of the mesonephric respectively paramesonephric duct. They are not connected to the ovary \[[@r13]\]. They are considered to be rare and usually do not cause symptoms in dogs and guinea pigs \[[@r15], [@r25]\].

Based on their origin, primary ovarian tumors are assigned into groups: Sex cord stromal tumor (granulosa cell tumor, theca cell tumor and interstitial cell tumor), germ cell tumor (dysgerminoma and teratoma), epithelial tumor (ovarian adenoma and adenocarcinoma) and other tumors originating from connective tissue \[[@r2], [@r14]\]. The incidence of ovarian neoplasms in rabbits is considered to be low \[[@r28]\]. In most reported cases, ovarian neoplasia were incidental findings in rabbits with uterine adenocarcinoma \[[@r10], [@r26], [@r28]\]. Mainly ovarian granulosa cell tumors were mentioned in the literature \[[@r11], [@r28]\], but also adenocarcinoma \[[@r28]\], hemangioma \[[@r10]\] and one unclassified soft tissue tumor of the ovaries \[[@r26]\] were described.

The aim of the present study was to investigate the occurrence, clinical and pathological findings of ovarian disorders in pet rabbits.

In this retrospective study, the pathological and clinical records of all intact female rabbits that were transferred to the Institute of Veterinary Pathology at the Freie University of Berlin by the Small Animals Clinic at the Freie University of Berlin between March 1997 and June 2016 due to owner's interest were assessed. During that period, a total of 44 genital tract biopsy examinations (including the uterus, the uterine tube and the ovaries) and 181 post-mortem examinations were conducted. Rabbits that underwent postmortem examination were excluded from the study, because the ovaries were not routinely examined by histopathology. Ethical approval was not required as specimens were part of routine diagnostic service.

Forty-one of the 44 rabbits, that were included in the study, were presented to the veterinarian because of sickness (bloody vaginal discharge and hematuria (n=24); inappetence (n=13); pseudopregnancy (n=5); diarrhea (n=4), pain during micturition (n=3); apathy (n=2)) and the remaining three for elective ovariohysterectomy. For diagnostic work-up, a complete clinical examination always included palpation of the abdomen, in 39 cases radiographs of the abdomen in two projections and in 23 cases sonography of the abdomen were performed. Genital tract disorder, especially uterine disorders, were suspected and all rabbits underwent an ovariohysterectomy under general anesthesia and the genital tract was forwarded for gross and histopathological examination due to the owner's interest. The surgically removed genital tract was routinely processed for histopathological examination. Representative sections of the three organs were stained with hematoxylin and eosin (HE). In selected cases (two cystic rete ovarii, two follicular cysts and a parovarian cysts) immunohistochemistry was performed according to [Table 1](#tbl_001){ref-type="table"}Table 1.Antibodies used for immunohistochemistryAntibodyDilutionPretreatment^a^Antigen sourceManufacturerAnti-vimentin (clone V9)1:100Heating^b^Monoclonal mouseDako, Carpinteria, CA, U.S.A.Anti-cytokeratin (clones AE1/AE3)1:500Heating^b^Monoclonal mouseDako, Carpinteria, CA, U.S.A.Anti-alpha smooth muscle actin (clone ASM-1)1:700Heating^b^Monoclonal mouseProgen, Heidelberg, Germanya) Pretreatment for antigen retrieval: b) heating: microwave heating with citrate buffer for 12 min at 600 w..

Ovarian disorders were diagnosed by histopathology in 12 of the 44 rabbits (27.3%; [Table 2](#tbl_002){ref-type="table"}Table 2.Neoplastic and non-neoplastic ovarian disorders in 12 of 44 rabbitsOvarian disordernNeoplasticOvarian adenoma1Non-neoplasticFollicular cysts7Cystic rete ovarii3Necrosis with dystrophic Calcification2None32). The median age of the rabbits was 62 months (range 6--124 month). One type of ovarian disorder was found in 11 cases and two types in 1 case.

Intraovarian cysts were discovered in 10 cases (22.7%). Follicular cysts were identified in 7 cases (15.9%) and cystic rete ovarii in three cases (6.8%).

The age of the rabbits with confirmed follicular cysts ranged between 11 to 61 months (median 26 months). Two rabbits without symptoms were presented for elective ovariohysterectomy. The other rabbits were referred for examination with bloody vaginal discharge in three cases as well as hematuria, pseudopregnancy and inappetence in one case each. On pathological examination, follicular cysts were found to be single and unilaterally multiple in four and three cases, respectively. The spherical follicular cysts were located in the cortex ovarii bulging the surface. Histopathological examination revealed that the wall of the cysts was comparatively thin and usually consisted of a single layer of cuboidal to flattened granulosa cells. In immunohistochemical staining the granulosa cells of the cyst as well of normal Graafian follicles were positive for anti-vimentin (clone V9) and negative for anti-cytokeratin (clones AE1/AE3) ([Table 3](#tbl_003){ref-type="table"}Table 3.Results of immunohistochemical of Graafian follicles, two follicular cysts, two cystic rete ovarii and a parovarian cystImmunhistochemistryGraafian follicleFollicular cystCystic rete ovariiParovarian cystAnti-vimentin (clone V9)+^a^+^a^−^b^−^b^Anti-cytokeratin (clone AE1/AE3)−^a^−^a^+^b^+^b^Anti-alpha smooth muscle actin (clone ASM-1)+/−^c^ fibrocytes+/−^c^ fibrocytes+/−^c^ fibrocytes+ ^c^ smooth muscle layera) granulosa cells; b) epithelial cells; c) surrounding tissue.). Both, follicular cyst and normal Graafian follicle, were surrounded by a layer of spindle-shaped cells resembling fibrocytes, which stained slightly positive for anti-alpha smooth muscle actin (clone ASM-1) in immunohistochemistry.

The three rabbits with the cystic rete ovarii had a median age of 87 months (range: 73--88 months). The youngest rabbit was presented with inappetence and the radiography revealed a large mass in the caudoventral abdomen and a smaller mass in the left, caudodorsal abdomen with soft tissue opacity. Pathological examination discovered a uterine adenocarcinoma and the left ovary was approximately double the size of the right ovary due to a 1.2 cm in diameter large, multilobulated cystic rete ovarii ([Figs. 1](#fig_001){ref-type="fig"}Fig. 1.Photography of a multilobulated cystic rete ovarii (arrows) bulged from the ovarian hilus. The ovary is formalin-fixed. Bar=1 cm. and [2](#fig_002){ref-type="fig"}Fig. 2.Histopathological picture of the ovary in [Fig. 2](#fig_002){ref-type="fig"}: a simple cuboidal to flattened epithelium with tufts of cilia are consistent with cystic rete ovarii. H&E stain, magnification 600×, bar=20 γm.). In immunohistochemical staining, the epithelial cells of the cystic rete ovarii were positive for anti-cytokeratin and negative for anti-vimentin ([Table 3](#tbl_003){ref-type="table"}). The second rabbit was 87-month-old and was presented with bloody vaginal discharge. A radiographic and sonographic examination was not performed. The multilobulated cystic rete ovarii was approximately 0.6 × 0.4 × 0.4 cm large. In the uterus, an endometrial hyperplasia and a hemomucometra were diagnosed histopathologically. The third rabbit was presented with inappetence and inability to defecate. Palpation, radiographic as well as sonographic examination revealed a large mass in the caudal to middle abdomen, which sized approximately five cm in diameter. Sonography however did not reveal a connection to the ovary. Histopathology confirmed a single cystic rete ovarii. Additionally, an ovarian adenoma and endometrial hyperplasia was diagnosed. Gross pathology of the three cases of cystic rete ovarii revealed unilateral and single respectively in one case multilobulated cysts. Histopathological examination showed that the ovarian cysts bulged from the ovarian hilus and extended into the medulla of the ovary. The cystic rete ovarii were lined by a simple cuboidal to flattened epithelium that was characterized by tufts of cilia ([Fig. 2](#fig_002){ref-type="fig"}).

In an 80 months old rabbit with bloody vaginal discharge a cyst was located in the broad ligament close to the ovary but it was neither connected to the ovary nor the uterine tube. This parovarian cyst was approximately 0.9 cm in diameter large and was filled with a transparent, colorless fluid. On histopathological examination, the cyst was lined by a single and cuboidal to flattened epithelium with tufts of cilia that was positive for anti-cytokeratin and negative for anti-vimentin in immunohistochemistry ([Table 3](#tbl_003){ref-type="table"}). The positive immunostaining for anti-alpha smooth muscle actin revealed a smooth muscular layer with a maximal thickness of 35 *µ*m underneath the epithelium. The wall of the cyst showed multifocal dystrophic calcification. Also a uterine leiomyoma, endometrial hyperplasia and a hemomucometra were confirmed by histopathology.

Two rabbit had ovarian necrosis. The younger rabbit was 90 months old and was submitted to examination with diarrhea and multiple palpable firm masses in the abdomen. On radiographs, a bilateral calcification in the caudal third of the abdomen was present. Histopathological examination additionally revealed a uterine adenocarcinoma and pyometra. The other rabbit was 118 months old and was submitted due to inappetence. On radiographs, a mass with mineral opacity in the location of the right ovary was evident. Fatty tissue necrosis with dystrophic calcification in the abdominal cavity was overlapping the left ovary and therefore limiting its radiographic examination. No uterine disorder was diagnosed in this case. Histopathologic examination of both cases revealed bilateral and extensive necrosis and only remnants of ovarian tissue were detected in histopathology without evidence for neoplastic transformation or inflammation. The underlying cause remained unknown.

On histopathological examination, the ovaries bilaterally consisted of more than 75% of corpora lutei in 33 rabbits. The residual ovarian tissue was largely displaced to the margin of the ovary. The youngest rabbit with this finding was 11 months old (median 57.5 months; range 11--124 month).

Uterine disorders are a common finding in female rabbits \[[@r8]\] whereas only anecdotal reports exist about ovarian disorders \[[@r6], [@r7], [@r19], [@r28]\]. In our study ovarian disorders have been found in high frequency. Ovarian cysts have been found in 10 of 44 cases (22.7%). Additionally, there are only two case reports about cystic rete ovarii \[[@r6], [@r7]\]. This study identifies 3 cases of cystic rete ovarii in 44 rabbits, one of which has been previously scientifically described in a case report \[[@r6]\]. The present results suggest that parovarian cysts are rare in rabbits. Walter *et al.* states that ovarian neoplasia occurs rarely in rabbits \[[@r28]\]. This statement might be supported by the results of this study, as only one ovarian adenoma was diagnosed in the current study.

Limitations of the current study include the fact that only a small number of animals were available for retrospective analysis. Furthermore, the authors were not able to assess the total number of rabbits that were presented to the small animal clinic during the observation period. Therefore, it is difficult to determine the true prevalence of ovarian disorders. Also, most rabbits in the current study had concurrent uterine disorders. This is also true for most ovarian disorders described in the literature \[[@r6], [@r12], [@r19], [@r28]\]. Additionally, in the current study further causes of disease cannot be conclusively excluded, because only the genital tract was examined pathologically. Therefore, clinical symptoms and clinical significance of ovarian disorders are difficult to interpret and subsequent studies need to be conducted.

For guinea pigs many different symptoms, like bilateral, nonpruritic alopecia, decreased appetite and increased aggression, are described in association with intraovarian cysts \[[@r3], [@r23]\]. Most symptoms in the current study might have been associated with the uterine disorders rather than caused by the ovarian alterations. In the current study, one rabbit with a large (5 cm in diameter) cystic rete ovarii was presented with absence of defecation. This was most likely due to the size of the cyst and a subsequent obstruction of the gastrointestinal tract. Also in guinea pigs cystic rete-ovarii with larger diameters are more likely to cause clinical signs \[[@r21]\].

Clinical examination only rarely suggested ovarian disorders in the present study. Radiographic examination revealed dystrophic calcification of the ovaries in two cases as well as two abdominal mass, which was further characterized to be fluid-filled and thin-walled by sonography in one case. It was however not possible to reveal a connection to the ovary. The second case was not examined by sonography. It is well accepted that a sonographic examination in rabbits is not successful in every case to demonstrate the ovaries \[[@r6]\] but further systematic studies are required to determine the accuracy of diagnosing ovarian disorders. At least in guinea pigs \[[@r4], [@r5], [@r21]\] and dogs \[[@r2]\] sonography is described to be appropriate to reliably diagnose ovarian cysts. In rabbits, sonography is a well-established method to diagnose uterine disorders \[[@r18], [@r24], [@r28]\]. A sonographic examination of the female genital tract in rabbits should therefore always include the ovaries.

Immunohistochemical staining may be applied in doubtful cases of histopathological examination to reveal the type of cyst. However, in rabbits, the immunohistochemical characteristics of only one rete-ovarii cysts has been determined so far \[[@r7]\]. Approving the results of Chambers *et al.*, the epithelial cells of a cystic rete ovarii was positive for anti-cytokeratin and negative for anti-vimentin \[[@r7]\]. The reverse was true for the granulosa cells in follicular cysts and graphian follicles, which allows to differentiate cystic rete ovarii and follicular cysts. Similar to cystic rete ovarii, parovarian cysts are lined by a cuboidal to flattened epithelium with tufts of cilia. Parovarian cysts can be identified by a smooth muscle layer underneath the epithelium, which may be identified by immunohistochemistry with primary antibodies for anti-alpha smooth muscle actin \[[@r7]\].
